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(57) ABSTRACT 
The present invention provides a unique methodology for 
device and process technology that results in Significant 
improvements in the parameters of the active devices of all 
integrated technologies including: bipolar, CMOS, BiCmos, 
BCD (Bipolar, Cmos, DMOS), and DMOS. The approach 
results in fewer process Steps than the Standard approach in 
each of these technologies, while providing lower capaci 
tance, higher speed, lower power dissipation, lower Ron, 
lower ground resistance, lower output resistance, reduced 
de-biasing at high current, higher breakdown voltage, higher 
beta and over a broader current range while providing 
Significant reduction in die size. Use of this approach also 
results in improved Schottky diodes and Solar cells. 
For most integrated circuits, this approach results in the 
elimination of the two longest time and highest temperature 
diffusion steps (isolation and Sinker), along with their mask 
ing Steps. This results in a lower overall temperature budget 
for the total process, allowing for improved control of 
related parameters. For bipolar devices, it provides an emit 
ter with lower emitter de-biasing, which is important in 
high-current devices. 
Similar advantages are obtained on the parameters of the 
other technologies indicated. This monolithic approach 
incorporates a unique slot process and slot location to 
provide a buried power buss (BPB), which results in metal 
thicknesses that are 5 to 10 times the normal thickness and 
provides circuit functions that are equivalent to triple metal 
technology, while only requiring the patterning of a Single 
thin metal. 
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INTEGRATED DEVICE TECHNOLOGY USINGA 
BURIED POWER BUSS FOR MAJOR DEVICE AND 

CIRCUIT ADVANTAGES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 10/034,184 filed Dec. 28, 2001. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to high 
current, high-power integrated devices, and more particu 
larly, to providing a buried power buSS in combination with 
Several design rule changes to provide Significant improve 
ment in parameters, reduction in die size, and other advan 
tages for integrated circuits of various technologies. 

BACKGROUND OF THE INVENTION 

0.003 Presently there is a great deal of work being done 
on the use of a damascene metal Scheme, whereby copper is 
used to provide a low-resistance, metal interconnect, or 
power buSS, on a Semiconductor device. This approach is 
being used for high-current, high-power devices, as well as 
for high-frequency devices, to lower their interconnect sheet 
resistance and RC time-constant, to improve Speed. The 
damascene metal Scheme is Solely an interconnect Scheme, 
and does not improve the parameters or performance of the 
individual devices. In addition, it is costly in terms of both 
equipment requirements and process requirements. 
0004 What is described here is an approach that reduces 
the resistance of interconnects and the RC time-constants, 
while providing improved device parameters and perfor 
mance, using Standard metallization with fewer proceSS 
Steps, and at less cost. This approach results in 

SUMMARY OF THE INVENTION 

0005 The present invention provides a unique method 
ology for device and process technology that results in 
Significant improvements in the parameters of the active 
devices of all integrated technologies including: bipolar, 
CMOS, BiCmos, BCD (Bipolar, Cmos, DMOS), and 
DMOS. The approach results in fewer process steps than the 
Standard approach in each of these technologies, while 
providing lower capacitance, higher Speed, lower power 
dissipation, lower Ron, lower ground resistance, lower out 
put resistance, reduced de-biasing at high current, higher 
breakdown voltage, higher beta and over a broader current 
range while providing Significant reduction in die size. Use 
of this approach also results in improved Schottky diodes 
and Solar cells. 

0006 For most integrated circuits, this approach results 
in the elimination of the two longest time and highest 
temperature diffusion steps (isolation and Sinker), along with 
their masking Steps. This results in a lower overall tempera 
ture budget for the total process, allowing for improved 
control of related parameters. For bipolar devices, it pro 
vides an emitter with lower emitter de-biasing, which is 
important in high-current devices. 
0007 Similar advantages are obtained on the parameters 
of the other technologies indicated. This monolithic 
approach incorporates a unique slot process and slot location 
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to provide a buried power buss (BPB), which results in metal 
thicknesses that are 5 to 10 times the normal thickness and 
provides circuit functions that are equivalent to triple metal 
technology, while only requiring the patterning of a Single 
thin metal. 

DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a flow chart for providing the buried 
power buSS approach in accordance with the present inven 
tion. 

0009 FIG. 2a illustrates a high resistivity p-type sub 
Strate region of a Semiconductor device. 
0010 FIG.2b illustrates an N+ buried layer (and possible 
location of a P+ up isolation) with an epitaxial (EPI) N-layer 
being provided on top of the Substrate region. 
0011 FIG.2c illustrates a plurality of structures formed 
(masked and diffused) into the EPI layer to provide the 
active and passive regions for bipolar, CMOS, BiCMOS, 
BCD, DMOS, and Schottky devices. 
0012 FIG. 2d illustrates a plurality of slots provided 
down to the Substrate between the structures. Shown without 
up P-type isolation, which could be located under the slots 
at the interface between the substrate and EPI, just as the 
buried layer is shown. The slots could then be made shal 
lower to meet the up isolation. 
0013) 
0014 FIG.2f illustrates oxide removed from the bottom 
of a typical Slot, where metal is to make contact to a 
grounded Substrate, or when the metalized slot is to make 
contact to the buried layer, to replace the Sinker process. 

FIG. 2e illustrates the slots after oxidation. 

0015 FIG.2g illustrates metal provided into the slots to 
provide the power buSSes. 

0016 FIG. 3 illustrates a typical oxidized slot with an 
aspect ratio of one. 

0017 FIG. 4 illustrates a slot that is filled with metal, 
done with a CVD metal system that provides conformal 
coating. Folding of the metal in the slot results in it filling 
the slot with 2x metal thickness when 1x metal is deposited. 

0018 FIG. 5 illustrates oxidized slots in accordance with 
the present invention. 

0019 FIG. 6 illustrates the first metal 202 after metal is 
sputtered into the slot 700 as well as on the surface of the 
wafer. 

0020 FIG. 7 illustrates a resist coating the wafer over the 
first metal and resist is thicker in the slot. 

0021 FIG. 8 shows the first metal (1A) after planariza 
tion etch, which removes the resist and metal in the field, 
leaving residual resist Still in the slots above the first metal. 
The resist is then Stripped. 

0022 FIG. 9 shows a second deposition of metal (1B) as 
deposited and resist coating the wafer over the Second metal 
and in the field and over the two metal layers in the slots. 

0023 FIG. 10A shows metals 1A and 1B after resist is 
Stripped and a dielectric deposited over metal 1A and 1B. 
These two metals make up the buried power buss (BPB). 
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0024 FIG. 11 illustrates contact masking to open the 
dielectric over metal 1B in Select spots on the device and 
metal 1C deposited on metal 1B by sputter-deposition com 
pleting first metal. This is equivalent to the power buss (PB) 
and contains all three layers (1A, 1B, 1C) of deposited metal 
as shown in FIG. 10B. 

0.025 FIG. 12 illustrates an enlarged view of a typical 
ground Strap in the Slot to the Substrate with oxide removed 
at the bottom of the slot formed by the BPB, a typical sinker 
(collector/drain) metal in the slot to the buried layer with an 
N+ implant and the oxide removed from the bottom of the 
slot, and a power buSS with the oxide retained at the bottom 
of the slot providing isolated triple metal for the PB. The 
BPB and its two metals are shown on FIG. 10A with a 
dielectric separating it from the 1C layer. The PB with its 
three layers, including 1C, is shown in 10B. 
0.026 FIG. 13 shows a typical side view of the metal as 
shown between two adjacent “epitaxial islands' that are 
isolated by the ground strap formed by the BPB with a 
crossover provided by the 1C. 

APPROACH AND IMPROVEMENT OF DESIGN 
RULES FOR ACTIVE DEVICES 

0027 Standard Approach: 
0028. The standard approach for the various technologies 
to be discussed: employ a low resistance Substrate, a buried 
layer, Up isolation, high-resistance epitaxial material, junc 
tion isolation, a Sinker process, and the various processes for 
forming the various active devices (Bipolar-Emitter, Base, 
Collector, CMOS-Source/Drain, Gate, BiCmos-combi 
nation of the previous two mentioned; BCD-combination 
of the previous two mentioned: plus a body diffusion). These 
approaches employ junction isolation which requires Sig 
nificant use of Space Since the junction diffuses laterally, at 
the Same time as it is being diffused through the epitaxial 
layer. These processes are followed by a combination of 
contact opening, and thin metal deposition, followed by a 
dielectric deposition, another contact opening, and a thicker 
Second metal for dual layer processes. They require even 
additional processing for triple metal processes. 
0029. In these standard approaches, the design rules must 
take into account the Significant lateral diffusion of the boron 
junction isolation being formed; during the long-time and 
high-temperature diffusion. The design rules must allow for 
a large Space between the isolation diffusion and any of the 
active areas within the integrated circuit. If this diffusion 
intercepts any of the active areas, it will result in a low 
breakdown, or electrical shorting. In most of these 
approaches a Sinker is also employed, which also requires a 
long-time and high-temperature diffusion of phosphorus. 
The design rules for the Sinker process require a large Space 
between this diffusion, other active or passive areas, and the 
isolation diffusion. 

0030 Buried Power Buss (bpb) Approach 
0031. In the approach to be presented here, the isolation 
and the Sinker processes are eliminated. This removes the 
two highest temperatures and longest time processes, thus 
Significantly reducing the time/temperature budget required. 
Elimination of these two processes results in terrific space 
savings. The buried power buss (BPB) process results in 
oxide-isolated Structures without any additional Steps to 
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provide this isolation. Because of the oxide isolation and 
reduced thermal budget, one does not have to take into 
account the significant Sideways encroachment that occurs 
with junction isolation. Therefore the critical design rules 
that relate to spacing between active and passive areas can 
be greatly reduced. In the ultimate, the oxide isolated 
Structures can be designed with design rules that allow the 
Structures to contact the other active or passive Structures in 
the integrated circuit without concern of low breakdown or 
Shorts. These significant reductions in critical design rule 
spacing results in a much Smaller die for a given function. 
This oxide-isolated Structure is unique, in that, it automati 
cally comes as part of the buried power buss (BPB) structure 
without additional processing. The Sinker is automatically 
provided by the processing of the buried power buss (BPB) 
without providing for a separate Sinker process. Eliminating 
the Sinker is significant Since it eliminates the requirement 
for critical dimension Spacing between it and other active or 
passive elements of the integrated circuit. 
0032) Process Flow 
0033 AS indicated, the parametric advantages discussed 
are obtained by proper Selection and location of the slots of 
the buried power buss (BPB) in each structure or structures. 
0034) The process flow of the buried power buss (BPB) 
approach remains essentially the Same as the Standard 
approach it is replacing, while eliminating the isolation and 
Sinker, in all the technologies indicated up to the processing 
of the contact mask and metal. At this point, the contact 
mask and Standard metal approach is replaced with the 
processing of the buried power buss (BPB). Although the 
process is essentially the same up to this point, the mask Set 
must be changed in order to take advantage of the reduced 
spacing between active and passive areas and the many other 
advantages available, including improving the parameters of 
the active devices and reducing the die size. Critical spacing 
is reduced significantly due to the dropping of Several 
high-temperatures, long time processes, while achieving 
oxide isolation. Other than masks being eliminated and 
critical Spacing dimensions being reduced, one moves 
through the Standard proceSS from Starting wafer to buried 
layer, to epitaxial (up isolation may be retained if used in the 
Standard process), to the active area processing, and up to 
where the contact mask and first metal is normally pro 
cessed. In the embodiment presented here, the Standard 
contact mask and first metal is not processed as well as the 
Second metal processing for a dual metal approach and the 
triple metal processing for a triple metal approach. 

0035). At this point a buried power buss (BPB) structure 
is introduced. This method employs slot etching, slot oxi 
dation, and metal deposition within those slots. These oxi 
dized slots are located wherever high current is intended to 
flow. This includes the ground slots, the power Supply slots, 
the Sinker locations, and the emitter locations for Bipolar, 
BiCmos, and BCD technologies. Slots are also located at the 
drains of CMOS, their grounded sources, and the P and N 
channel complementary outputs. Slots are located for Schot 
tky diodes at Select points to provide low leakage. Slots are 
also employed wherever it is desired to have the first metal 
routed (BPB metal) and isolated from the subsequent metal 
of the power buss (PB) metal. 
0036) A typical oxidized slot cross section is shown in 
FIG. 3. The slot is made up of a W (width) dimension, a D 
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(depth) dimension, and an L (length) dimension. Notice that 
the L dimension is shown in FIG. 3 as an arrow going into 
the paper. This length is dependent on the devices and circuit 
configuration. The W and D dimensions are determined by 
the process objectives for the given technology and are 
constant for that given technology. In all cases, the aspect 
ratio, or ratio of the D (depth) to the W (width), is equal to 
or less than one (1). This is to facilitate the metal filling the 
Slots. The actual dimensions that make up the Slot are 
directly related to the technology being processed, the 
thickness of metal desired, the Structures for obtaining 
parametric advantages, and certain criteria within that tech 
nology. 

0037. In most cases, the depth is determined by the 
thickness of the epitaxial layer and whether up isolation is 
employed. Typical dimensions for various technologies as a 
function of the epitaxial thickness and whether up isolation 
is needed, are listed in Matrix 1 below. In most applications, 
one wants the slot to make it through the epitaxial layer to 
the Substrate to provide a direct contact for ground. When up 
isolation is employed, the slot must make it to the point 
where the up isolation has diffused during the growing of the 
epitaxial layer. The metalized slot meeting this point pro 
vides a short to the Substrate for an ideal ground. 

Matrix 1 

Technology Epitaxial Thickness Up Isolation Slot depth 

Bipolar <3 um O <3 um 
Bipolar 3 um O 3 um 
Bipolar 3 um yes 1.5 um 
Bipolar 5um yes 3 um 
Bipolar 6 um yes 3 um 
Bipolar 7 um yes 3.5 um 
Bipolar >7 um yes /2 epithickness 
CMOS <3 um O <3 um 
BCD Same as Bipolar 
BiCmos Same as Bipolar 

0038 For these examples the W (width) of the slot would 
be approximately 1.5 to 2.0 times the D(depth) i.e., an aspect 
ratio D/W of 0.5 to 0.67. The example shown in FIG.3 has 
an aspect ratio of one (1) where the Wis shown equal to the 
D. 

0039) Placement of Slots 
0040 Properly placed, the slots of the buried power buss 
(BPB) provide an ideal ground for the emitter of a vertical 
NPN transistor. It also provides an ideal emitter and ground 
for a lateral PNP transistor. This is significant in power 
integrated circuits, Since high current in the emitter tends to 
de-bias the emitter, resulting in a high loSS in the emitter due 
to uneven current flow in the emitter. The de-biasing results 
in disproportional bias of the base emitter junctions, result 
ing in reduced beta and causing emission that is uneven and 
very inefficient. Use of the technique described here results 
in proportional current flow in the emitter and therefore 
higher gain and lower Ron (on resistance of the transistor in 
question). FIG. 4A shows an emitter for a lateral PNP and 
FIG. 4B shows an emitter for a vertical NPN, both using 
Select positioning of the slots of the buried power buSS 
(BPB) to achieve their advantageous structures as shown in 
the figure. 
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0041. In all integrated circuits, it is of prime importance 
to provide a Solid low-resistance ground. Use of the buried 
power buss (BPB), with its dielectrically isolated structure, 
is ideal. FIG. 12 shows how the buried power buss (BPB) 
is positioned for grounding. This figure also shows the 
positioning of the buried power buss (BPB) for providing 
the isolation, the sinker and the power buss. Note that in the 
application for ground the oxide is removed from the bottom 
of the slot. This allows the Subsequent metal in the slot to 
make direct contact to the Substrate. Reduced resistance is 
further obtained by implanting P+ in the bottom of the slot 
for ideal ground. Reduced resistance is obtained for the 
Sinker application by implanting N+ in the bottom of the 
Sinker slot prior to metal deposition. Grounding results in 
metal from an active region directly to the Substrate, as 
compared to diffused isolation which has a diffused region 
from the active regions to the substrate. The resistivity of 
metal is much lower than that of a diffused region, and 
therefore there is a much lower resistance to ground in this 
approach versus a diffused approach. This approach there 
fore results in a more Solid ground and reduction of ground 
noise. Likewise, the metal Sinker provides a lower resistance 
for the collector in a bipolar device and lower resistance 
drain in an MOS or CMOS device. 

0042. Use of the buried power buss (BPB) for the bipolar 
collector (sinker), results in lower collector capacitance to 
ground and lower capacitance collector to base. Likewise, 
when used for the drain of a CMOS transistor, it results in 
lower capacitance to ground and lower capacitance drain to 
gate. 
0043. In CMOS integrated circuits where an isolation 
diffusion, or Sinker diffusion are not required, there are other 
parametric advantages gained by placing slots for the buried 
power buss (BPB) in select locations. The contact from drain 
directly to a buried layer results in lowering the ON resis 
tance significantly (see FIG. 12). The drains of the comple 
mentary P channel and N channel can be moved closer 
together via a shared oxidized slot filled with metal, result 
ing in Significant Space Savings and reduced on resistance. 
This also reduces the output resistance from the output of the 
complementary MOS to the load and lowers the capacitance 
output-to-ground, resulting in lower RC time constants. Use 
of this technique reduces the size of any CMOS circuit, 
whether it is used in analog power applications or digital 
high-speed applications. 
0044 Similar parametric advantages occur with a lateral 
DMOS and vertical DMOS. In addition, use of the buried 
power buss (BPB) results in raising the Sustaining current 
and Voltage in both of these technologies. 
0045. Forming the Slots 
0046. After completion of the processing of the active 
areas for the given technology, the slots of the buried power 
buss (BPB) are formed by standard masking and anisotropic 
dry processing techniques for etching the oxide and Silicon. 
This is followed by oxidation of the slots by either thermal 
oxidation or a deposited oxide, or deposition of another 
dielectric. Upon completion, one is left with an ideal oxide 
or dielectric insulated slot, which, when filled with metal, 
provides metal that is insulated from all other parts of the 
circuit. Whenever it is desired to make contact from the 
bottom of the slot to an underlying layer, the oxide is 
removed from the bottom of the slot by anisotropic etching 
Such as that done with dry plasma etch. 
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0047 Oxidized slots are shown in FIG. 12, as well as 
oxidized slots with the bottom oxide removed. 

0048 Providing Metal in the Slots 
0049 Metal is placed in the slots by several methods, and 
two approaches will be discussed here. 
0050) 1) CVD Conformal Metal-Metal deposited by a 
CVD metal System results in metal conforming to the shape 
of the slot. In the case where the aspect ratio is one, a 
deposition of metal X thick (where the slot width is 2x) 
results in the metal being 2x thick in the slot. This is due to 
the “folding” of the metal in the slot. For example, where the 
slot has a depth and width of 5 um (aspect ratio of 1.0) and 
2.5 um of metal is deposited, the slot would be filled, since 
the 2.5 um of metal would result in the Surfaces of the metal 
going up the Sides and touching each other as shown in FIG. 
4. This provides a major advantage, Since one receives 2x 
thickness of metal in the slots and only requires etching 1X 
of metal in the field as shown. In order to receive this 
optimized folding, an aspect ratio of one must be used and 
the metal deposited is one-half the thickness of the slot 
depth. 

0051) 2) Standard Sputter Metal-While the method of 
depositing metal with CVD metal is quite Straightforward, 
Some companies do not have CVD metal and would employ 
Standard Sputtering equipment. Sputter deposition provides 
Some additional advantages over the CVD approach, as will 
be discussed herein. 

0.052 Use of sputtering requires multiple depositions for 
functions requiring thick metal. The advantage to this 
approach is that the thickness of the metal doesn’t have to 
relate directly to the width and depth of the slots. Metal 
would normally be deposited in increments of 1.5 um to 2.5 
um thickness. An example would be a device where one 
wants 3.0 um of metal in a slot. In this case, one deposition 
of 1.5 um of metal is deposited (Metal 1 A). This leaves the 
slots approximately half full, as shown in FIG. 6. Photo 
resist is spun on the wafers as shown in FIG. 7 and they are 
planarized by CMP or dry etching (for example). This 
removes the metal in the fields and leaves the slots with 
resist Still remaining over the metal in the slots, as shown in 
FIG.8. The resist is stripped and another 1.5 um of metal is 
deposited (Metal 1B) as shown in FIG.9. This fills the slots 
and leaves 1.5 um of metal in the field. The field metal is 
removed by planarizing the resist using CMP or dry etch or 
other method, and the resist in the slots being Stripped. A 
dielectric is deposited over the wafers, as shown in FIG. 
10A; thus providing the buried power buss (BPB). This is 
followed by the normal contact-opening procedure. The 
contact mask also includes opening Selected slots, as well as 
the normal contact openings. 
0053) This is followed by a third deposition of metal 
(Metal 1C). This provides metal in the slot areas that were 
opened during contact opening, with 3 um plus the 1C metal 
thickness (Metal 1A, 1B, & 1C) and serves as the power 
buss (PB) as shown in FIGS. 10B and 11. In the field the 
metal thickness is the 1C metal as shown in 10A. Where 
Slots were not opened during the contact masking, one has 
the buried power buss (BPB) as shown in FIG. 10A. In this 
buried power buss (BPB) the metal thickness is 1A and 1B, 
and is buried away from Metal 1C by the dielectric between 
Metal 1B and 1C. From this figure one is able to see how the 
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buried power buss (BPB) (Metal 1A & 1B) can be routed 
away from the power buss (PB) that contains 1A, 1B and 1C 
metal layers. In this respect the buried power buss (BPB) is 
independent of the thicker metal of the power buss (PB) 
containing the three thicknesses of metal. The power buSS 
(PB) cross section is shown in FIG. 11. Notice, when the 
contact mask was used to open dielectrics, the dielectric 
above the PB was removed thus allowing the 1C metal to 
make contact to the 1B metal thus providing three levels of 
metal in the Power Buss. The wafers now receive the 
Standard metal interconnect masking and etching of this last 
thin metal (1C). Note, although three metals are deposited; 
only the last needs patterning. All the other previous metal 
removals were accomplished using maskless, non critical 
procedures. In this example, there is 4.5 um of metal in the 
power buss (PB) (1A, 1B, & 1C), 1.5 um of metal (1C) in 
the interconnect areas, and 3.0 um of metal (1A, 1B) in the 
buried power buss (BPB). The buried power buss (BPB) is 
located in those areas where the slots were not opened 
during the contact mask. It is very important to note that with 
only etching of the thin metal (1C), one has three metal 
layers to choose from; 1C for interconnect of low current, 
buried power buss (BPB) with 1A and 1B metal thickness 
for high currents, and the power buss (PB) with all three 
thicknesses, thus, a triple metal technology with only one 
thin metal pattern and etching. Following is a typical matrix 
showing the various slot depths and the number of metal 
depositions, the remaining field metal thickness, the thick 
ness of the metal in the buried power buss (BPB), and the 
thickness of the metal in the power buss (PB) using a 1.5um 
metal deposition for each of the depositions. A similar 
matrix could be made using a different thickness of metal for 
the three depositions. 

Matrix II 

Slot # of metal Field Buried Power Power 
depth depositions thickness Buss (BPB) Buss (PB) 

3 um 3 1.5 tim 3 tim 4.5 tim 
5 um 4 1.5 tim 5 tim 6.5 um 
7 um 5 (one dep of 2.0 um) 1.5 tim 7 um 8.5 um 
8 um 6 1.5 7.5 um 9.0 um 

0054 AS can be seen by this matrix, one only has to 
pattern the last layer field thickness of 1.5 um for any Slot 
depth and metal thickness. The slot depth provides the thick 
buried power buss (BPB) and thicker power buss (PB) due 
to the number of depositions times the thickness of the metal 
being deposited. In each case, one only has to pattern etch 
the thin final metal layer while achieving the very thick 
burial power buss (BPB) and thicker power buss (PB). This 
matrix could be replaced by a similar one, using 2.5 um of 
metal for each of the depositions. This thicker metal would 
be used where it is desired to have even thicker buried power 
buss (BPB) metal and final metal, and still have the capa 
bility of only etching the final metal deposition, which could 
be 2.5 microns or a thinner metal that is easier to etch. For 
this approach, the slots are required to be approximately 
twice the depth, while maintaining the Same aspect ratio. 
0055 Carrying the High Current 
0056. Whereas the standard approach throughout the 
Semiconductor industry carries the high current on the final 
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metal, this approach carries the high current on the buried 
power buss (BPB) with its thick metal or the power buss 
(PB) with its even thicker metal. The industry’s standard 
approach requires carrying the high current on the final 
layer, because the metal layers prior to the final layer are 
required to be very thin metal. The prior metals need to be 
thin to allow Subsequent metal layers to not have to croSS a 
large dielectrically covered metal Step. This is to prevent 
metal breakage when going over the Step. So, they are 
relegated to using the final metal as the thickest to resolve 
this issue. Even then, they are restricted to the thickness of 
metal they can etch and hold tolerances. 
0057. In the buried power buss (BPB) approach, the high 
current carrying layer is the buried power buss (BPB) which 
contains metal 1A and 1B or the power buss (PB) (1A, 1B 
and 1C), neither of which requires etching thick metal. In no 
case is metal required to croSS over high StepS and incur 
metal breakage while achieving these very thick metal 
layers, thus providing a more reliable approach. 
0.058 It is important to note here that the equivalent of a 
triple-metal approach is achieved while only requiring the 
etching of one contact mask and the patterning of one metal 
layer. This eliminates a dielectric deposition, first contact 
mask, first metal deposition and patterning of first metal, 
which are required in the Standard dual metal approach. 
Further Steps are eliminated when compared to a triple metal 
approach. Since the buried power buss (BPB) approach 
results in triple metal, there are further reductions from a 
Standard approach. Metal of all layers can be thicker than the 
Standard approach, Since the slots provide the medium for 
the metal Structure and do not result in large Steps that 
Subsequent metal has to croSS. Therefore, metal breakage of 
interconnects over StepS is eliminated. 
0059 Achieving Maximum Benefit; Employing Para 
metric Advantages 

0060. The key to full benefit of this approach is achieved 
by integrating the buried power buss (BPB) into the various 
device Structures to gain parametric advantages. Prior 
examples related to the isolation and to the Sinker applica 
tions and their particular Savings in Space, temperature, time 
reduction, reduced proceSS Steps, reduced capacitance, 
reduced Ron, reduced Rout and others. Ron advantages are 
obtained by using the Slots for the collector and emitter in 
bipolar, source and drain in CMOS, and the source and drain 
in lateral and vertical DMOS. Likewise, the use of this 
technique with the emitters of vertical NPN transistors and 
lateral PNP transistors results in improved parameters, such 
as: increased beta, beta over a wider current range, reduced 
de-biasing, higher frequency response, lower Ron, lower 
resistance to ground and others. Use in lateral and vertical 
DMOS results in increased Sustaining current and Voltage, 
higher Snap back Voltage, lower Ron, Lower capacitance and 
others. One needs to examine each technology being 
employed and determine how the buried power buss (BPB) 
can be integrated into the active regions, the passive regions, 
and field regions to provide a device parameter advantage, 
Space Saving advantage, or proceSS complexity reduction. 

0061 
0062) This method of buried power buss (BPB) for 
integrated circuit parameter advantage and System connec 
tion provides direct contact of the metal grounding to the 

Intergrated Circuit Connections 
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Substrate, lowering the Ron of active devices and lowering 
ground noise. This grounded, oxide isolated, buried power 
buss (BPB) provides ground for isolated epitaxial islands of 
active and passive elements that are process isolated from 
each other; but need to be circuit connected to each other. 
The isolated epitaxial islands that contain the active and 
passive elements in the integrated circuits are connected by 
the buried power buss (BPB) and the 1C layer as shown as 
shown in FIGS. 10, 12 and 13. Note that the slots containing 
the 1A and 1B buried power buss (BPB), are isolated from 
the 1C metal. Therefore, metal can be connected from one 
isolated island of active devices to another using the 1C 
metal to cross over a buried power buss (BPB) line. To gain 
full advantage of low interconnect resistance, the metal 
interconnect can contain the buried power buss (BPB), or, 
power buSS (PB) metal until it is ready to cross a ground line. 
At that point, the 1C crosses over the buried ground line 
being provided by the buried power buss (BPB), and using 
the dielectric between it and the buried power buss (BPB) to 
insulate it from the ground during crossing as shown in FIG. 
13. All of these advantages come with reduced masking 
Steps while eliminating long high-temperature processes. 

0063. This method results in interconnect sheet resistance 
being reduced by a factor greater than ten (10), compared to 
the present standard methods utilized by most of the indus 
try. This results whether aluminum, Silicon, or, copper is 
used. Although the approach discussed assumes the use of 
Standard aluminum, aluminum-silicon, or, aluminum/sili 
con/copper, copper could be used. 
0064. Heat transfer is three orders of magnitude better 
than what is experienced in methods currently in use. This 
is due to the thick metal being directly contacted to the 
Silicon Substrate or through oxide to the Silicon Substrate. 
Heat transfer through Silicon is three orders of magnitude 
better than through air, and transfer through oxide is 
approximately two magnitudes better than air. 
0065. The buried power buss (BPB) and related triple 
metal interconnect provides at least an order of magnitude 
better protection against electro-migration, due to the 
reduced current density and Significantly improved heat 
transfer. This approach provides higher current and power 
dissipation prior to Secondary breakdown of bipolar transis 
tors as a result of the improvement in heat transfer. 

Summary 

0066. This description is presented to enable one of 
ordinary skill in the art to make and use the invention and is 
provided in the context of a patent application and its 
requirements. Various modifications to the preferred 
embodiment and the generic principles and features 
described herein will be readily apparent to those skilled in 
the art. Thus, the present invention is not intended to be 
limited to the embodiment shown but is to be accorded the 
widest Scope consistent with the principles and features 
described herein. 

0067. In accordance with this invention a completely new 
methodology is presented whereby a slot approach is uti 
lized to provide very significant improvements in parameters 
of active devices while providing a unique approach for 
providing low resistance interconnects. Parameter improve 
ment has been discussed on Several device incorporations of 
this approach. When used as an interconnect, the approach 
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has the attributes of being able to provide a thick metal buss 
and the equivalent of a triple metal technology while only 
having to deposit and etch one thinner metal. A three metal 
technology is accomplished by providing slots, or trenches 
that are a function of the thickness of metal one wants in the 
power carrying metal busses. The thickneSS comes from 
folding the metal in the slots when using a CVD deposition 
metal System, or by multiple, maskless metal depositions 
when using a conventional metal Sputtering System. Both of 
these methods of deposition result in metal that is at least 
five times the thickness of the interconnect metal and in most 
cases is Some integer of the interconnect thickness, while 
only having to etch a thinner metal for the interconnect 
metal. Parametric and interconnect advantages are obtained 
while reducing the number and difficulty of the proceSS Steps 
involved and results in a greatly reduced die size. This 
approach results in oxide isolation without added Steps, and 
allows one to drop the long time and high temperature 
junction isolation masking and diffusion process, as well as 
the Sinker masking and diffusion. While doing this, it 
provides a direct, oxide-isolated, metal Strap-to-ground, 
resulting in a lower resistance to ground than other 
approaches and improved isolation. 
0068 While a slot process in accordance with the present 
invention provides these major advantages for high power 
devices, its utilization is applicable for Small high frequency 
devices providing low interconnect resistance, a direct short 
to the Substrate for grounding, and a low Ron (on resistance) 
for both low and high power devices. The approach reduces 
capacitance and RC time constants for the low-power, 
high-frequency devices while reducing their die size. The 
approach provides higher gain and over a broader current 
due to reduction of de-biasing. Higher frequency response 
obtained on high frequency circuits Such as those using 
current mode logic or emitter coupled logic. This approach 
is applicable to bipolar, CMOS, BiCMOS, DMOS, and 
Specific devices within these and other technologies. 
0069. In a preferred embodiment, the interconnect 
method occurs at the end of the processing of the active 
areas. This is true for bipolar, CMOS, BiCMOS, BCD, 
vertical DMOS, and enhanced drift lateral DMOS. However, 
in order to gain parametric advantages available from this 
Slot approach, the positioning of the slots within the inte 
grated circuit must be taken into consideration prior to 
developing a mask Set. Proper Selection of where the slots 
will appear results in Significant parametric advantages, as 
well as elimination of Spacing between many elements 
within the integrated circuit. Ultimately, it results in a greatly 
reduced die Size, and Significant improvements in System 
Speed. For power devices, it also results in reduced power 
dissipation, and improved heat transfer. Electromigration is 
essentially eliminated as a concern. 
0070 This approach also provides a major advantage in 
application-specific integrated circuits (ASICS), in that the 
circuits could receive their customizing as the very last layer 
of metal. For example, the ASIC, using this process, can be 
carried completely through buried power buss (BPB) metal, 
be tested for certain functions, have the 1C metal deposited, 
and the wafers kept at an inventory position, for final 1C 
metal patterning. In this manner, upon receiving an order for 
the ASIC, only this last thin metal needs to be patterned, thus 
reducing the turn around time of the product. This is a major 
advantage. Only prime wafers that have passed wafer Sort 
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for parameters will be held in inventory, thus limiting the 
exposure to the possibility that wafers pulled from inventory 
will fail final test. In addition, where most ASICS have first 
metal that is 6000 A to 8000 A, this approach with its 5 tim 
of metal provides improved parameters and a Smaller die 
Size with greater freedom in the Selection of the customized 
layer that will follow. 
0071. This method results in interconnect sheet resistance 
being reduced by a factor of almost ten (10), compared to the 
present method utilized by most of the industry. Because of 
the low sheet resistance of the metal and other Steps taken; 
this approach results in less de-biasing of high-current 
carrying portions of the device, Such as the output power 
device, and thus results in higher beta gain at given Voltages, 
or currents. Heat transfer is three orders of magnitude better 
than what is experienced in methods currently in use. The 
buried power bus (BPB) and related interconnect provides at 
least an order of magnitude better protection against elec 
tromigration compared to methods currently in use. The 
much thicker metal being carried out to the bonding pads 
results in improved bonding and higher reliability with less 
sensitivity to ESD effects. Additional benefits include higher 
current and power dissipation prior to Secondary breakdown 
as compared to Standard methods used in the industry. This 
effect comes about due to the large amount of metal buried 
throughout the device acting as a built in heat Sink. 
0072) This buried power buss (BPB) approach results in 
a much Smaller die and results in leSS loSS due to defect 
densities, which are a function of die area. This combination 
of Smaller die and fewer losses due to the Smaller size, 
results in more groSS die per wafer and much more net die 
per wafer. The Smaller die allows products currently pro 
duced to be able to fit into Smaller packages, thereby 
opening up new markets for a given function. Direct con 
nection of ground to the Silicon Substrate, as well as heavy 
metal being utilized throughout the die results in improved 
heat Sinking and allows for the die to be placed in packages 
where components previously could not operate due to high 
thermal impedance. Since this approach results in oxide 
isolation being provided by oxide isolated metal ground 
Straps, higher frequency of operation is realized due to 
reduced capacitance for a given function. All this capability 
comes by providing only one slot mask while eliminating 
Several masks and long and high temperature processes. 
0073 Advantages 
0074 1. Higher beta and beta over a wider range of 
collector current for lateral PNP transistors and vertical 
NPN transistors. 

0075 2. Significant reduction in the size of the 
PWELL and NWELL in CMOS devices due to trun 
cation by the oxidized slots in the Sources and drains at 
both ends of the wells. 

0076 3. Reduction of leakage of Schottky diodes 
through improved isolation and reduction of Surface 
C. 

0077. 4. Higher breakdown or sustaining voltages for 
all the devices and technologies listed above. Includes 
increased snap back voltage for CMOS devices due to 
reduction of bipolar coupling from the Source through 
the PWELL to the Substrate for PWELL devices and 
from the source through the NWELL to the substrate on 
NWELL devices. 
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0078) 5. Reduced leakage of buried diodes due to 
contact beneath the Surface; i.e., reduces Surface leak 
age component. 

0079 6. Provides significant advantages to circuit 
designer Since grounding method eliminates much of 
the routing of ground metal interconnects that are 
normally on the top Surface and have to be routed to 
avoid other metal on the top Surface. Grounding in this 
method is done through the routing of the buried power 
buss (BPB) which is isolated from other metal layers or 
through direct contact to Substrate at remote locations. 
This essentially eliminates all ground metal running 
along the top Surface and provides great freedom to the 
circuit designer in his routing of other metal connec 
tions on the top Surface. 

0080 7. Provides significant reduction of de-biasing in 
the emitters at high currents for vertical NPN and 
lateral PNP transistors. 

0081 8. Provides significant reduction of de-biasing of 
power nodes in bipolar CMOS, DMOS, BCD, BIC 
MOS and FETS. 

0082 9. Provides lower interconnect resistance. 
0083) 10. Provides lower interconnect RC time con 
Stant. 

0084 Provides for higher speed due to reduced spac 
ings, reduced area, reduced de-biasing, reduced capaci 
tance, reduced resistance, reduced base Width on cer 
tain elements. Higher Speed is also obtained through 
constant base width provided for lateral PNP's or 
lateral NPNS. 

0085 12. Provides improved electromigration by an 
order of magnitude. 

0086) 13. Provides improved heat transfer by 2 to 3 
orders of magnitude over junction isolated circuits, and 
damascene metal approaches that are on the top Sur 
face. 

0087 14. Allows for reduced critical dimensions of 
spacings between active and passive areas on masks 
and the Subsequent processing of the Silicon material 
(or other material); due to oxide isolation, and reduced 
time and temperature of processing. This results in a 
Significant reduction in die size. 

0088 15. Provides a significant reduction in cost of 
fabrication due to reduced Steps in process flow and 
reduced complexity of process. 

0089) 16. Provides a significant reduction in cost of 
fabrication due to reduction in die size for a given 
function. 

0090. 17. Provides metalized slots to ground at points 
where oxide is removed from slot bottoms prior to 
metal. 

0091 18. Direct metal to ground results in lower 
ground resistance. 

0092 19. Lower ground resistance results in lower 9. 
ground noise and reduced coupling of noise within the 
circuit. 
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0093. 20. Power buss (PB) contains very thick metal 
located in oxide isolated slots that reduces power 
Supply noise coupling within the circuit and System due 
to reduction in resistance and capacitance. 

0094) 21. Oxide isolation provides lower intra-circuit 
capacitance coupling. 

0095 22. Reduces power supply noise and coupling 
due to low resistance and lower capacitance of power 
buss (PB) which is very thick metal in oxide isolated 
slots. 

0096. 23. Reduces coupling between buried power 
buSS and other circuit elements due to complete Sur 
rounding of buried power buss (BPB) by oxide or 
dielectric. 

0097 24. Provides triple metal with single metal pro 
cessing. Eliminates the dielectricS and Vias required for 
Standard triple metal; only requiring one contact mask 
and one metal layer to be patterned and this is on thin 
metal. 

0098. Although the present invention has been described 
in accordance with the embodiments shown, one of ordinary 
skill in the art will readily recognize that there could be 
variations to the embodiments and those variations would be 
within the Spirit and Scope of the present invention. Accord 
ingly, many modifications may be made by one of ordinary 
skill in the art without departing from the Spirit and Scope of 
the appended claims. 

1. A method for providing an improved integrated circuit 
device comprising the Steps of: 

providing active and passive areas in the Substrate, 
providing a plurality of slots in the Substrate after pro 

viding the active and passive areas, oxidizing the 
plurality of Slots, and 

providing metal in each of the plurality of Slots and, 
providing a dielectric coating over the slots and the 
remaining Silicon; and 

providing etched contacts in Select areas remote from the 
location of the buried power buss (BPB); and 

providing an additional layer of metal that interconnects 
the contacts and the buried metal in Select areas where 
contacts were opened (power buss), resulting in metal 
of three levels and 

providing triple metal technology with one layer on the 
top Surface consisting of a Single layer of metal, one 
layer that is buried consisting of two layers of metal 
buried power buss (BPB), and the power buss (PB) that 
has three layers of metal located where contacts were 
opened prior to the final metal deposition; all while 
providing Single metal processing and patterning of a 
Single thin metal. 

2. The method of claim 1 wherein the triple metal 
technology providing Steps comprising the Step of three 
independent oxide isolated metal layers being of Sufficient 
thickness to carry high current. 

3. The method of claim 1 wherein the slots are placed in 
a manner that minimizes the process Steps for manufacture. 

4. The method of claim 1 wherein the high temperature 
and long time process of the junction isolation is eliminated. 
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5. The method of claim 1 wherein the high temperature 
and long time process of the Sinker is eliminated. 

6. The method of claim 1 wherein active and passive areas 
are provided for bipolar, CMOS, BICMOS, DMOS and 
BCD technologies with improved properties. 

7. The method of claim 1 wherein select slots are opened 
in the dielectric prior to metal to allow the oxide to be 
removed from the bottom of Slots that are to make ground 
contact to the Substrate and metal contact to the buried layer 
to replace the Sinker. 

8. The method of claim 1 wherein oxide isolation is 
provided verSuS junction isolation. 

9. The method of claim 1 three layers of metal are 
provided with only one layer of metal requiring masking and 
pattern etching. 

10. The method of claim 1 wherein the design critical 
dimensions between active and passive areas can be signifi 
cantly reduced and in many cases can touch, providing a 
Significant reduction in the die Size of any of the technolo 
gies is provided. 

11. The method of claim 1 wherein coupling capacitances 
are greatly reduced as a result of oxide isolation verSuS 
junction isolation. 

12. The method of claim 1 whereby the slots are ideally 
located to provide Significant parametric advantages for the 
various technologies. 

13. The method of claim 1 whereby the slots are ideally 
located to provide significant circuit advantages for the 
various technologies. 

14. The method of claim 1 whereby the slots are ideally 
located to provide Significant System advantages for the 
various technologies. 

15. The method of claim 1 whereby one obtains three 
layers of thick metal of three different thicknesses, each 
isolated from one another, while only requiring to etch a 
Single thin layer (the last deposited). 
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16. The method of claim 1 whereby three layers of 
isolated metal interconnect are formed while only requiring 
one layer of dielectric to be deposited and contact etched, 
Versus Standard triple metal processes which requires three 
layers of dielectric to be deposited and contact (or via) 
etched. 

17. The method of claim 1 whereby one obtains two very 
thick layers of metal in the buried power buss (BPB) and 
three layers of metal in the power buss (PB) and a single 
layer of metal on the top Surface without metal having to 
cross over high metal steps (which cause metal to break). 

18. The method of claim 1 whereby the high current is 
carried on the buried power buss (BPB) and power buss (PB) 
with their thick metals and the third layer is for intercon 
nection of low power circuitry. 

19. The method of claim 1 which provides improved 
parameters for bipolar, CMOS, BICMOS, Shottky diodes 
and Solar cells as listed below: 

(a) lower on resistance (RON) for circuits containing: 
1. bipolar transistor collectors and emitters 
2. CMOS transistor Sources and drains 

3. lateral PNP collectors and emitters 

4. BICMOS which contains bipolar and CMOS tran 
Sistors and advantages listed for each. 

5. DMOS sources and drains (vertical and lateral 
DMOS) 

(b) reduction of capacitance of: 
1. collector output capacitance (bipolar) 
2. collector to base capacitance of bipolar transistors 
3. drain capacitance of CMOS and MOS transistors 

k k k k k 


